Peanuts mechanically or biologically damaged in the soil are predisposed to invasion by fungi and frequently contain large amounts of aflatoxins (2, 20) . However, it has also been recognized that visibly unblemished peanut kernels are frequently invaded by fungi and may be contaminated with aflatoxins. Norton et al. (18) reported that 27.4% of visibly unblemished Spanish peanuts were contaminated with fungi. In that study, the most common fungus species found contaminating peanut kernels 6 weeks before harvest was Aspergillus flavus (24.7%). Numerous other studies have reported that fungi, including toxigenic fungi such as A.
flavus, can readily contaminate peanut fruit in the soil before harvest, and after invasion and in the absence of drought stress they apparently become quiescent in peanut fruit (8, 13, 14, 17, 20) .
Aflatoxin contamination was once thought to occur rarely in visibly undamaged peanuts before harvest and could be prevented if peanuts were windrowed properly and dried rapidly to safe storage moisture (1, 16) . Subsequent studies have demonstrated that preharvest invasion by A. flavus or A. parasiticus, as well as extensive preharvest formation of aflatoxins, can occur in visibly undamaged peanuts. During the 1980 crop year, it was probably the most significant mode of contamination in all three major peanut-producing areas of the United States. This phenomenon appears to be limited to peanuts that are subjected to late-season drought stress (4-6, 11, 19) . The absence of this knowledge probably led to confusion and erroneous earlier conclusions concerning preharvest aflatoxin contamination. Although A. flavus or A. parasiticus was present in both aflatoxin-contaminated and uncontaminated peanuts at harvest (8), it was unclear whether invasion by these fungi occurred in the soil during some stage of fruit development or earlier during the flower or aerial peg stage. Studies by Lindsey (15) and Wells et al. (21) showed that peanuts grown under gnotobiotic conditions in the presence of A. flavus were colonized in both aerial and subterranean parts. Em-* Corresponding author bryos showed limited invasion, whereas immature pods, mature pericarps, and testae, to a lesser extent, were susceptible. Griffin and Garren (9) Kernel invasion frequency by these fungi was also surveyed at harvest. All determinations were made from surface-sterilized material (0.5% sodium hypochlorite) incubated on malt extract agar medium (2% malt extract) at 25°C and malt-salt agar (malt extract agar plus 10% NaCl) at 37°C for 7 days.
Aflatoxin analyses. Peanut samples were analyzed for aflatoxin by the minicolumn method of Holaday and Lansden (12) followed immediately by quantitative analyses by high-performance liquid chromatography (11) . The highperformance liquid chromatography technique used a radial compression module containing a Radial-Pak silica cartridge (Waters Associates, Inc., Milford, Mass.) and a solvent system consisting of water-saturated chloroform supplemented with 0.6% reagent alcohol (Fisher Scientific Co., Pittsburgh, Pa.). The aflatoxins were detected with a Kratos model FS 950 Fluoromat fluorometer.
RESULTS AND DISCUSSION
Mycofloral counts of mutant-treated soil from the environmental control plots showed that the white A. flavus mutant did not survive, whereas the orange-brown A. parasiticus mutant persisted in the soil throughout the course of the experiment (Table 1) . Soil populations of the orange-brown A. parasiticus mutant in treated soil remained higher than those of wild-type A. flavus in either mutant-treated or mutant-untreated soil during the course of the growing season. Two samplings of air yielded no propagules of either the mutant strains or wild-type A. flavus group fungi. However, this may have been due to the limited number of air samples taken and the limited sample size.
A comparison of the invasion of flowers, aerial pegs, and kernels by wild-type and mutant strains of A. flavus and A. parasiticus is presented in Table 2 . In drought treatments, the data showed that invasion of flowers and pegs during the growing season was insignificant when compared with the invasion of kernels determined at harvest. This indicated that the vast majority of kernel infection originated from the soil in this experiment and that aerial invasion of flowers, had to physically alter some of the flower parts that under natural conditions would provide protection to the flower from both externally produced pollen for cross-pollination (commercial peanut varieties are 98% self-pollinated) and presumably from spores of fungi such as A. flavus. Therefore, in varieties with this type of flower, it seems unlikely that flower invasion provides a significant mode of colonization of peanut kernels under natural conditions unless insects or other vectors are involved. Aflatoxin analyses from all peanut samples from both irrigated plots were negative (Table 2) . Further evidence in favor of soil invasion was presented in a comparison of the difference in the occurrence of aflatoxin B's only and the occurrence of B's and G's together in contaminated peanuts from mutant-treated and untreated soils. A.flavus (wild type and white mutant) has been shown to produce aflatoxins B1 and B2 only, whereas A. parasiticus (wild type and orangebrown mutant) produces B1, B2, G1, and G2 (10) . The ratio of B's only to aflatoxin B's plus G's in positive aflatoxin samples from untreated soil was 24:3, which indicated that A.flavus (wild type) was the major toxin-producing fungus in peanuts from mutant-untreated soil (Table 2 ) (aflatoxin Gs in these samples were from wild-type A. parasiticus strains).
However, this pattern was reversed in peanuts from mutanttreated soil, whose production of Bs plus Gs outweighed their production of B's only by a ratio of 23:9 (Table 2 ). This indicated that the A. parasiticus mutant played a significant role in contaminating these kernels with aflatoxin. Thus, the apparent contamination due to the A. parasiticus mutant was limited to peanuts in mutant-treated soil only and did not involve adjacent peanut plants from mutant-untreated soil. Because of the close proximity of plants in mutant-treated and untreated soil, invasion by airborne spores of aerial parts should not be limited to plants from treated soil only.
Therefore, one can only deduce that the significant mode of invasion for subsequent preharvest contamination by the aflatoxins in this case was from the soil. This study and other recent ecological studies on A. flavus and A. parasiticus in peanuts strongly indicate that the more significant route of invasion occurs after the peanut peg penetrates the surface of the soil, sometime during fruit development (4, 5, 7, 8, 16, 18) .
In summary, data are presented that support A. flavus or A. parasiticus invasion of drought-stressed, visibly undamaged peanut kernels directly from the soil rather than invasion of flowers and aerial pegs. These data were as follows. 
